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Abstract 


A rich diversity of indigenous fish is present on the Indochinese Peninsula, particularly in the Mekong Basin. Since the 
20‘ century, a number of alien fishes have been introduced into the region primarily for the development of aquaculture, 
and there is increasing concern regarding the potential for loss of regional biodiversity and for a decline in the stock of 
indigenous fishes. Consequently, efficient utilization of indigenous fishes for aquaculture is desirable. Therefore, 
biological surveys are required to support their conservation. This article reviews research carried out by the author in 


Lao PDR into the early morphological development and biology of several indigenous fish species in relation to 


aquaculture development, fisheries management and species conservation. 
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Introduction 


Lao PDR is a country with a rich resource of indigenous 
fish species, particularly in the basins of the Mekong River 
and its tributaries. Estimates of the numbers of 
indigenous fish species in this region range from 700 to 
more than 1,200 many of which provide important 
protein sources for human consumption [1,2]. However, 
since the20t century, the increasing population of Lao 
PDR and over-fishing of natural fish resources [3] has led 
to the introduction of substantial numbers of alien fishes 
for aquaculture, particularly tilapia Oreochromisniloticus, 


common carp Cyprinus carpio and Chinese carps (e.g., the 
grass carp Ctenopharyngodon idella and silver carp 
Hypophthalmichthys molitrix) [4,5]. In consequence, more 
than 20 invasive alien species are now considered to have 
established natural breeding populations in the Mekong 
region. The presence of these alien fishes is an important 
concerned issue because of a potential for decline in the 
region’s native and endemic fish diversity and their stock 
levels. To date, studies aimed at conservation and efficient 
use of indigenous fishes in aquaculture and fisheries have 
included fundamental research on systematics [1,6] an 
evaluation of genetic introgression by introduced Clarias 
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gariepinus [7] a report on the aquaculture potential of 
indigenous fishes[4] and investigations of fisheries 
resource management [8,9]. However, there is limited 
information on the biology and _ morphological 
development of larval and juvenile fishes in relation to 
seed production, which is essential for aquaculture and 
fisheries management and for understanding the 
conservation biology of non-aquaculture _ species. 
Therefore, recent research activities by the author are 
introduced and reviewed of this article here. These 
findings also help to elucidate the evolutionary ecology of 
each fish species. 


Overview of Research Activities on 
Aquaculture and Fisheries in Lao PDR 


Studies of Morphological Development of 
Larvae and Juveniles for Improving Seed 
Production 


As mentioned above, settlement of invasive alien fishes 
has increased concern regarding the potential loss of 
regional biodiversity [10] suggesting a need for greater 
emphasis on proliferation of indigenous fish species and 
on stock conservation in the Indochina region [4,5]. 
Accordingly, seed production and aquaculture based on 
indigenous fishes require further promotion in the region. 
Successful production of good quality seed requires data 
on morphological development of larval and juvenile 
stages, and this information is contributory to 
aquaculture and also to considerations of the diversity 
and evolutionary ecology of each species. 


The climbing perch Anabas testudineus (Anabantidae) 
[11] an indigenous fish in the suborder Anabantoidei, is 
an important target of aquaculture. The basic features of 
morphological development of this species have been 
described (Figures 1 & 2) [11]. Subsequent investigations 
of three anabantoid species, i.e., the snake skin gourami 
Trichogaster pectoralis [12] the three spot gourami T. 
trichopterus [13] and the giant gourami 
Osphronemusgoramy [14], compared morphological and 
behavioral development and the early biology of larval 
and juvenile stages (Figure 3). Besides helping to improve 
seed production of these species, these findings are 
relevant to the ecology of related taxa. 
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Figure 1: Laboratory-reared larval and juvenile climbing 
perch Anabas testudineus. a) Newly hatched larva (1.8- 
mm BL); b) preflexion larva, day1 (2.7-mm BL); c) 
preflexion larva, day2 (3.1-mm B); d) preflexion larva, 
day3 (3.7-mm BL); e) preflexion larva, day4 (4.4-mm BL); 
f) preflexion larva, day5 (4.7-mm BL); g) flexion larva, 
day6 (4.9-mm BL); h) flexion larva, day7 (5.0-mm BL); i) 
flexion larva, day8 (5.5-mm BL); j) flexion larva, day10 
(5.9-mm BL); k) postflexion larva, day13 (6.4-mm BL); 
I)postflexion larva, day16 (7.5-mm BL); m) juvenile, 
day19 (8.3-mm BL); n) juvenile, day26 (12.7-mm BL). 
Figure modified from Morioka et al. (2009)[11]. 
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Figure 2: Relationship between hours after hatching and 
yolk volume (mm3) in laboratory-reared larval and 
juvenile climbing perch Anabas testudineus. V and T in 
regression refer toyolksac volume and hours after 
hatching, respectively. Solid circles: means; vertical bars: 
standard deviations. Figure modified from Morioka et al. 
(2009)[11]. 
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Figure 3: Schematic comparison of four anabantoid species, Anabas testudineus (Anabantidae), Trichogastertrichopterus, 
T. pectoralis and Osphronemus goramy (Osphronemidae), in terms of four selected characters: yolksac period, timing of 
the shift from larval to juvenile stages, membrane development of labyrinth organ, and timing of extension of first pelvic 
(fin soft ray (for the latter three species). Figure modified from Morioka et al. (2013)[14]. 
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Similar studies have been made on other fishes in the 
family Cyprinidae, including the goldfin tinfoil barb 
Hypsibarbus malcolmi [15] and the small-scale mud carp 
Cirrhinus microlepis [16] and in the order Siluriformes, 
including the striped cat fish Pangasianodon 
hypophthalmus (Pangasiidae)[17] Hemibagrus filamentus 
(Bagridae) [18] and the bighead cat fish Clarias 
macrocephalus  (Clariidae)[19] to improve seed 
production and to facilitate morphological comparisons 
among taxonomic groups. 


Fish biology in relation to conservation and 
stock management 


Conservation of fish diversity and stock management 
require basic information on the life history of selected 
species, including growth rates, time to sexual maturity 
and generation times. As the first example, the bumble- 
bee go by Brachygobius mekogensis [20] is a small gobiid 
fish (ca. 14-mm maximum standard length) in Lao PDR. 
Age estimates using daily otolith increments and gonad 
analyses of this species demonstrated its short life-span 
and the early maturation of this species (Figures. 4, 5) 
leading to occurrence of multiple generation alternations 
per year. These findings will help to develop conservation 
measures for this species. Another studied example is the 
striped snakehead Channa striata, a carnivorous channid 
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fish [21] which is distributed widely over western and 
southeastern Asia. This species is an important target of 
commercial fisheries and is constantly under high fishing 
pressure. Age and gonad analyses of this species provided 
information on growth patterns and the reproductive 
period for a local population of the species in Lao PDR. 


a 


Figure 4: Otoliths (sagittae) of Brachygobius mekogensis. 
(6.6-mm SL) with 24 increments deposited. Figure 
modified from Morioka and Sano (2009)[20]. 
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Figure 5: Relationships between age in days (sagitta 
increment counts) and standard length (mm) of 
Brachygobius mekongensis. Triangles: dry season group; 
circles: rainy season group. Solid symbols: females; open 
symbols: males; grey symbols: sex-undifferentiated 
specimens. Sexually mature, immature and_ sex- 
undifferentiated specimens indicated by dotted lines. 
Figure modified from Morioka and Sano (2009)[20]. 


Similar studies in relation to conservation and stock 
management have been made for other indigenous 
species, e.g., the grass perch Parambassis siamensis 
(Ambassidae) [22] and  Rasbora _ rubrodorsalis 
(Cyprinidae) [23]. 


Conclusion 


The above sections reviewed several investigations of 
regional indigenous fishes with respect to aspects of 
aquaculture, fisheries management and conservation. 
Beside these studies on biological aspects, a variety of 
investigations have been made on environmental impacts 
for species conservation in the region. However, alien 
species are still present and are considered increasing, as 
yet, and generating further risk to indigenous 
biodiversity. Therefore, investigations aimed _ at 
substantial reduction and ideally extermination, of 
invasive alien species are now urgently required, as well 
as surveys of indigenous species, as reviewed in this 
article. 
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